Formalin is a clear solution of 37% formaldehyde in water. It is used in dentistry as a disinfectant, antiseptic and mainly as tissue fixative for preserving biologic specimens for histopathologic examination. The human knowledge on systemic formaldehyde intoxication is inadequate as only few cases of formalin ingestion have been reported. This paper presents a brief communication of the adverse effect of formalin to the human tissue.
INTRODUCTION
Formaldehyde is a toxic colourless, water soluble foul smelling gas that extremely irritates the upper airways. Its soluble form is called formalin and is commonly used in medicine and dentistry to preserve biopsy specimens and as an antiseptic agents in clinics (1).
Systemic formaldehyde intoxication has not been adequately characterised because of lack of number of reports on the effect of formalin ingestion. Several deaths had been reported (1-5). Those who survived experienced distal stomach scarring (6, 7) .
A case has also been reported whereby formalin was used accidentally as irrigating solution during a wisdom tooth surgery instead of normal saline (8) . This happened because the surgical face masks worn by the surgeons hindered the sense of smell. Moreover, the surfaces of the surgery were usually wiped with antiseptic containing formaldehyde, thus making it very difficult to locate the origin of formalin smell in the operating theatre.
In addition, formalin at room temperature is crystal clear, the same as that of normal saline. Thus it can easily be mistaken as normal saline. Besides, the label on the formalin bottle had faded after repeated use and long term storage. The patient survived the formalin mishap without any systemic problem (8) .
Formalin can enter the body by either ingestion or inhalation. There is little information available on the extent of formaldehyde absorption in mammals and there is little data concerning its conversion to formic acid and carbon dioxide in humans. The very few reports available demonstrated that formic acid accumulates markedly after the ingestion of formaldehyde. This conversion from formaldehyde to formic acid had been reported as rapid (2, 3, 9) .
In the few reported cases of formalin poisoning, the patients presented with some of the following signs and symptoms in the emergency clinic.
Clinical signs and symptoms
The few signs and symptoms that has been reported following the ingestion of formalin are (3) 
Biochemical changes
Formalin poisoning manifests the same end pathway as methanol poisoning. Methanol has been shown to be metabolised to formic acid with formaldehyde as a metabolic intermediate in humans (9) . Although ingested formaldehyde may produce extensive pathologic changes in the gastrointestinal tract, sufficient formaldehyde can apparently be absorbed and metabolised rapidly to formic acid. Formic acid may accumulate rapidly in the blood to cause metabolic acidosis (2) . Metabolic acidosis happens in part because of high plasma levels of formic acid acidosis, the main metabolite of formaldehyde and in part as a result of hyperlactatemia (1).
Physiological changes
Combination of hypovolaemia, vasodilation and a myocardial depressant effect of formalin has been reported to happen as a result of deliberate ingestion of 50-100 cc of formalin (5) . The patient ended up with metabolic acidosis, gastric ulceration and circulatory shock two hours after ingestion of the poison. Development of seizures and disseminated intravascular coagulation have also been reported.
MANAGEMENT

Pathological changes
The following organs may undergo degenerative changes following formalin ingestion:
Hypovolaemic shock, mainly secondary to the appearance of digestive tract haemorrhage, has been most often reported (10) . The myocardial toxicity of formalin is another complication noted (1). Formalin also has direct oxidant action on red blood cells to cause acute intravascular hemolysis (11) .
Rapid intubation and ventilation has been advocated as the immediate management in cases of formalin ingestion. The patient's blood pressure and urine output should be monitored and gastric lavage performed (2). Because formic acid accumulates rapidly following ingestion of formaldehyde, serious consideration should be given to dialysis procedures.
The types of dialysis that can be given are: ACKNOWLEDGEMENT Dialysis is effective in removing formic acid from the blood of humans (9) . It is suggested that the removal of formic acid may be effective in combating the metabolic acidosis that may occur in systemic formaldehyde poisoning (1,2,11).
Other treatment attempted consisted of infusion of N-acety1cysteine in combination with hemodialysis (5). Basically, formaldehyde forms an adduct with reduced glutathione (GSH) forming the S-hydroxymethylgluthathione which is a substrate for the detoxification enzyme called the formaldehyde dehydrogenase. During acute toxicity, depletion of GSH occurs and hence formaldehyde (FA) can bind to other macromolecules leading to cellular damage. The obvious treatment is to increase GSH levels but unfortunately GSH does not enter hepatocytes where the detoxification enyzmes reside and hence administration of Nacety1cysteine (NAC) which penetrates hepatocytes is given and therefore act as a substitute for glutathione or increase its synthesis (therefore restoring intracellular glutathione concentrations). GSH is also useful especially as an antioxidant in scavenging the reactive oxygen species occurring during the metabolism of FA. Moreover, by giving NAC, FA can then bind directly to it or the GSH (produced as a result of NAC treatment) and therefore reducing the conversion of FA to formic acid (12) . This of course will reduce metabolic acidosis.
CONCLUSION
Formalin is a hazardous solution that needs special storage and handling. The support staffs should be aware of the adverse effect of this solution to the living tissue. Its usage should be strictly for disinfection, as antiseptic and as tissue fixative. It should never be stored close to other clear solution to avoid mishandling. If there is any doubt about the content of a bottle, the solution should be discarded. Poisoning by ingestion of formalin is lethal and must be treated at an early stage. The prognosis is linked to the extent of the caustic injuries and of the systemic effects. (9) haemofiltration (1).
• central nervous system
The clinical course may be marked by an initial profound central nervous system depression (3). The kidney may experience impairment in function, which may rapidly progress to acute renal failure and anuria
(1).
The gastrointestinal
tract, especially the stomach may undergo corrosive damage. Burns of the jejunum, ileum, and part of the colon including the sigmoid have been noted in autopsies
(1). There may be perforating mucosal necrosis of the oesophagus (1). Hepatosplenomegaly with jaundice and congestion of the liver parenchyma have also been reported (1).
The heart may undergo fibrosis. This will cause cardiac insufficiency
(1). The lung may become fibrosed, resulting in respiratory insufficiency and eventual acute respiratory distress syndrome (1). The subsequent course of formalin poisoning consists of .multiple organ failure and death. The fatal dose of ingested formalin is about 50-100 millilitres (5).
Dialysis
is a procedure for the removal of formaldehyde and formic acid from the blood by virtue of the difference in their rates of diffusion through an external semipermeable membrane or in the case of peritoneal dialysis, through the peritoneum. 
